Introduction
Melanoma is one of the most malignant cancers, and based on the origin of site, it is subdivided into ocular, cutaneous, and mucosal melanomas. Previous studies have reported that among Caucasians, mucosal melanomas are a rare subdivision (1.3% of all melanomas), whereas in Asians, this subdivision is the second most common (22.6% of all melanomas). [1] [2] [3] Mucosal melanoma's overall prognosis is worse than cutaneous and ocular melanomas. Over half of all mucosal melanomas are head and neck mucosal melanomas (HNMM), where nasal, sinonasal, and oral cavity
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Yao et al are the most common primary sites. [4] [5] [6] This malignancy is aggressive, where 5-year survival ranges from 14 to 40%. [7] [8] [9] [10] Currently, surgery with or without postoperative radiotherapy is the widely accepted standard of care for the treatment of HNMM, 10, 11 However, the use of adjuvant chemotherapy (AC) has yet to be established as a method for improving treatment outcomes. Although a large multicenter retrospective study among an exclusive Caucasian population reported a 5-year survival rate of 26.7% among patients who received surgery followed by radiotherapy, 12 these findings may not be generalizable in Asian populations due to both ethnic-and genetic-related differences between populations. In this study, we prospectively enrolled a predominantly Asian population with HNMM to evaluate both the efficacy and safety of primary surgery with postoperative radiotherapy ± AC in the treatment of HNMM.
Patients and methods

Study design and participants
We conducted a single-arm, Phase II clinical trial at Sun Yat-Sen University Cancer Center (SYSUCC) in Guangzhou, China. All patients received physical examinations and provided detailed medical history. We also performed comprehensive biochemical laboratory test, blood cell count, fiberoptic nasopharyngoscopy, chest and upper abdomen computed tomography (CT) scan, nasopharyngeal and neck magnetic resonance imaging (MRI), and single-photon emission CT of bone or positron emission tomography-CT. Detailed inclusion criteria and exclusion criteria are shown in the Supplementary materials. Briefly, participants were considered eligible if they aged ≥18 years and had stage III/ IVA mucosal melanoma that was pathologically confirmed diagnosis arising from head and neck.
Procedures
This study was registered with the National Cancer Trial Registry as NCT03138642 (ClinicalTrials.gov). The protocol of this study received approval from SYSUCC's human ethics committees, and written informed consent was obtained from all patients. The Declaration of Helsinki and Good Clinical Practice guidelines defined by the International Conference on Harmonization were applied in this study. Detailed information on treatment is presented in the Supplementary materials. Briefly, each patient received primary surgery with or without neck dissection. All specimens were sent for pathological examination. Intensity-modulated radiotherapy (IMRT) was delivered to each patient within 4-6 weeks after primary surgery. The recommendations for additional use of prophylactic neck radiation (PNR) and/or AC were determined by a multidisciplinary team's consultation.
Follow-up and outcome
Patient's follow-up visits were at least every 3 months during the first 2 years and every 6 months thereafter. We calculated follow-up from the first day of therapy to the last examination or death. For patients with evidence of local-regional recurrence or distant metastasis, additional examination or imaging modalities were performed to confirm or exclude disease progression at the discretion of the treating physician. Detailed information on follow-up is presented in the Supplementary materials. Based on the Common Terminology Criteria for Adverse Events (Version 4.0), adverse events were recorded at each visit.
Statistical analysis
The endpoints assessed were overall survival (OS), local relapse-free survival (LRFS), regional relapse-free survival (RRFS), and distant metastasis-free survival (DMFS). Data for all endpoints were analyzed in all eligible patients who completed the treatment protocol. Data for adverse events, including acute and late complications, were shown using descriptive statistics. Kaplan-Meier method was applied to calculate survival rates with a corresponding two-sided 95% bootstrap CI, and the difference was compared using the log-rank test. Variables with P-values ≤0.05 in the univariate analysis were included in the multivariable Cox regression analysis. R Version 3.3.2 was used for all analyses (http:// www.r-project.org/).
Results
Patients' characteristics
Between July 2010 and November 2016, a total of 34 patients were enrolled in this trial. One patient was excluded due to withdrawal of consent. Table 1 presents the remaining patients' characteristics, progression, and treatment. The median age at diagnosis was 58 years (range 27-83 years), and 61% of the total cohort were males. Locations included the nasal cavity without further anatomic detail in 13 cases, maxillary sinus in eight cases, inferior turbinate in five cases, ethmoidal sinus in four cases, and oral cavity in three cases. According to the seventh American Joint Committee on Cancer (AJCC) classification of HNMM, there were 18 (54.5%) patients with T3 disease and 15 (45.5%) patients with T4a disease. No cervical lymph node or remote metastases were on initial assessment, but two (6.1%) patients had a 
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Primary surgery with postoperative RT in HNMM microscopically positive lymph node (N1) after elective neck dissection.
Treatment
All patients received an initial regimen of primary surgery. Neck dissection was not performed routinely, where only three (9%) of the 33 patients arising from oral cavity received elective neck dissection. Of the three patients who received elective neck dissection, two patients had a microscopically positive lymph node (N1). However, the above two patients with histologically proven N1 disease developed distant metastasis rapidly within 6 months of starting surgery. The median equivalent dose at 2 Gy per fraction (EQD2) of the tumor site was 68.3 Gy (IQR, 67-70 Gy). A total of 23 (70%) of these patients received hypofractionated conformational radiation therapy and 10 (30%) patients received conformational radiation therapy. The median interval between surgery and radiation therapy was 55 days (IQR, 42-72 days). AC was given to 23 (70%) of the 33 patients, and 10 (43%) of the 23 patients completed at least 4 cycles of chemotherapy. The primary cause for uncompleted chemotherapy was due to patient refusal (39%; 9/23), followed by disease progression during AC (17%; 4/23).
Surveillance
The median follow-up duration was 25.3 months (range 5.3-67.1 months) for the entire cohort. Only one (3%) patient developed local recurrence, and five (15%) patients had regional relapse. The one local relapse was occurred in male aged 67 years with T4aN0 mucosal melanomas arising from the right nasal cavity, right ethmoidal sinus, and nasal septum who received an EQD2 of 70 Gy irradiation after primary surgery within 23 months of starting radiotherapy. The one patient who had regional relapse was treated with elective neck dissection alone, and the other four regional relapse patients did not receive any elective neck dissection and/or PNR. Interestingly, regional control was achieved in all patients treated with PNR (11/11 patients; 100%). For the entire group, 19 ) 23 (8) 11 (17) 4 (24) 2 (26) 1 (27) 33 (0) 18 (2) 10 (7) 4 (12) 2 (13) 1 (14) Number at risk (number censored)
Number at risk (number censored) 33 (0) 26 (3) 12 (8) 5 (13) 3 (14) 1 (15) 33 (0) 26 (8) 12 (21) 5 (27) 
Safety
During radiotherapy, 70% (23/33) of patients suffered radiation-related acute adverse events. The incidence of grade 3 acute adverse events occurred in 18% (6/33) of patients (two patients had dermatitis and mucositis, one patient had anemia and leucopenia, one patient had dermatitis and leucopenia, and two patients had nausea). Radiation-related late complications of grade 3 occurred in 12% (4/33) of patients (two patients had muscle fibrosis, one patient had nasal perforation, and one patient had dermatitis). During chemotherapy, five (22%) of the 23 patients had grade 3 adverse events, and there were no reported grade 4 adverse events. Grade 3 leucopenia was recorded in two (9%) of the 21 patients, with anemia being the most common event following. Nausea (9%), vomiting (4%), and nephrotoxicity (4%) were frequently recorded the most for grade 3 nonhematological adverse events (Table 2 ).
Univariate and multivariate analyses
Univariate analysis was performed to identify independent prognostic factors, and the outcomes are shown in Table 3 . Understandably, T stage was the most important factor in predicting OS and DMFS (P<0.05 for all). The 3-year OS was significantly higher for patients with T3 disease than those with T4a disease (3-year OS, 78.8 vs 17.5%, P=0.049; Figure 2A ). Similarly, T3 disease was significantly associated with better DMFS than T4a disease (3-year DMFS, 42.1 vs 25.3%, P=0.040; Figure 2B ). Interestingly, patients treated with PNR had higher RRFS rate than those without prophylactic neck irradiation, nearly meeting statistical significance (100 vs 65.9%, P=0.076; Figure 2C ). However, there was no significant difference in OS, LRFS, RRFS, and DMFS for patients treated with or without AC (P>0.05 for all) (Table 3 and Figure 2D ). Given the limited number of patients in the current study, categorical variables failed to retain significance in multivariate analysis (P>0.05 for all; Table S1 ).
Discussion
To the best of our knowledge, this is the first clinical trial to analyze the effectiveness and safety of combined primary surgery with postoperative radiotherapy ± AC for HNMM in an Asian population. Our findings indicate that this regimen provides sufficient local control, where distant metastasis remained the major failure pattern for HNMM. Additionally, patients with T3 disease had significantly higher OS and DMFS rates than those with T4a disease. We also found that PNR contributed to the improvement in regional control. Current evidence suggests that postoperative radiotherapy contributes to improve local control for HNMM. 10, 13, 14 In the present study, postoperative radiotherapy was delivered to each patient and showed to have higher LRFS rates than those reported in previous studies (ranging 23-75%). 10, 15, 16 Our findings could be explained by several reasons. First, developments in radiation technology, such as IMRT, have improved tumor target conformity and reduced local relapse in comparison with two-dimensional conventional radiotherapy (2DCRT). 17 Prior studies 10, 16, 17 were generally conducted in the 2DCRT era, but all patients in this study received IMRT. Therefore, the advance in radiation technology may partly contribute to the sufficient local control in this study. Second, due to tumor rarity, majority of series 9, 10, 16, 18 extend retrospectively several decades to collect enough patients. In contrast, patients enrolled in this clinical trial were diagnosed within 7 years. We consider that the treatment advances in recent years potentially contributed to higher local control rate. Finally, given the poor survival 
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Primary surgery with postoperative RT in HNMM among HNMM patients, 9,10 our findings reveal that high rate of local control was most likely due to some patients died before local relapse could have develop.
Elective therapy of the neck is usually not performed since less than 10% of mucosal melanoma patients present regional lymph nodes.
6,10 However, the incidence was much higher in patients with oral mucosal melanoma, which ranged from 25 to 76%. 9, 19 Consistent with previous studies, our results showed that two of the three (67%) patients had a microscopically positive lymph node after neck dissection. However, the above two patients with histologically proven N1 suffered distant metastasis within 6 months of starting surgery. Therefore, the effect of neck dissection still needs further exploration. Currently, there is controversy over the necessity of PNR in HNMM patients with N0 disease. 9, 18, 20 Our results found that RRFS was 100% for patients treated with PNR, and further analysis revealed that PNR contributed to higher RRFS rate. This infers that routine PNR should be considered in clinical practice even in patients with N0 disease.
HNMM is considered to be a highly malignant tumor, as majority of patients quickly succumb to distant metastases. 6, 7 For this reason, it is of great importance to add effective systemic therapy for high-risk patients. 21 However, prior to the start of the study, there was no systemic therapy regimen demonstrated as effective for HNMM. A recent randomized Phase II trial by Lian et al 22 reported that temozolomide with cisplatin contributed to improve survival than that of high-dose IFN-a2b as systemic adjuvant therapy among patients with resected mucosal melanoma. However, we failed to find the effectiveness of adjuvant temozolomide and cisplatin chemotherapy in improving the survival of HNMM. One reason underlying this observation might be due to potential selection bias for AC use. Considering our research design type, we could not deduce whether AC directly improves survival. 
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In the present study, the 3-year OS rate was 44.4%, which is consistent with previous reports. [23] [24] [25] Although primary surgery with postoperative radiotherapy with or without AC yielded an excellent local control, we must note that the survival of HNNM was not sufficient enough. Considering that more than 50% of patients suffered distant metastasis within 3 years, the lack of long-term survival benefit from local therapy is likely because of distant metastasis being the major limiting factor. This suggests that improving survival by escalating the intensity of local therapy may not be available, and novel therapeutic paradigms designed to abrogate the risk of distant relapse should be pursued in clinical trials. Further analysis revealed that early-stage HNMM was significantly associated with superior OS and DMFS. Therefore, early diagnosis of HNMM is of great importance to improve survival outcomes.
The primary concern in the present study was serious radiation-related toxicity during conventional irradiation techniques when applied to the region of the head and neck. In the 2DCRT era, the rate of radiation-induced blindness can be up to 40% after 2DCRT for HNMM. 26, 27 Compared with 2DCRT, IMRT minimizes dose to organs at risk (OARs), while providing a more conformal dose to complex-shaped target volumes, facilitating a lower rate of radiation-induced toxicity. 17 This was seen in the present study, where radiation-induced blindness was not observed, and only 12% (4/33) of patients experienced radiation-related late toxicities of grade 3. We hypothesize that the lower rate of radiation-related toxicities in our study is largely due to the technical advantages of IMRT.
We must note that in this trial, some limitations were observed. A major concern was that this trial was from a single center, among an Asian population, and external validation was not performed. However, external validation was not performed mainly due to a lack of data availability from other centers. Therefore, our findings may not be generalizable to other Asian patients. Second, this study was not designed to assess the use of combined primary surgery and postoperative radiotherapy as a mean of selecting patients Number at risk (number censored) Number at risk (number censored)
18 (0) 16 (0) 8 (5) 3 (10) 1 (11) 0 (12) 15 (0) 10 (3) 4 (3) 2 (3) 2 (3) 1 (3) 18 (0) 13 (0) 7 (5) 2 (9) 1 (11) 0 (12) 15 (0) 15 (2) 3 (2) 2 (3) 2 ( Regional relapse-free survival rate (%)
Number at risk (number censored) 18 (0) 14 (6) 7 (15) 3 (14) 2 (15) 1 (16) 15 (0) 9 (2) 4 (7) 1 (10) 0 (11) 0 (11) 10 (0) 9 (1) 3 (4) 1 (6) 1 (6) 0 (7) 23 (0) 17 (2) 9 (4) 4 (7) 2 (8) 1 ( 
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Primary surgery with postoperative RT in HNMM who might benefit from this approach but to assess the safety and efficiency of patients treated by this approach. Finally, our study was limited by the small sample size and some prognostic factors may not have been fully identified. However, HNMM incidence is low and a large prospective cohort trial would be difficult to develop.
Conclusion
Primary surgery in combination with postoperative radiotherapy ± AC yielded an excellent local control and acceptable toxicity profile. Nevertheless, high rates of distant failure resulted in limited survival. 
Keypoints
• Primary surgery with postoperative radiotherapy was administered to evaluate the efficacy and safety in head and neck mucosal melanoma (HNMM) patients • This regimen provides a sufficient local control (3-year rate, 92%) and has an acceptable toxicity profile in the Asian population.
• Distant metastases resulted in limited survival, and early diagnosis of HNMM is of great importance to improve survival.
Abbreviations
2DCRT, two-dimensional conventional radiotherapy; AC, adjuvant chemotherapy; AJCC, American Joint Committee on Cancer; CT, computed tomography; DMFS, distant metastasis-free survival; HNMM, head and neck mucosal melanomas; IMRT, intensity-modulated radiotherapy; LRFS, local relapse-free survival; MRI, magnetic resonance imaging; OARs, organs at risk; OS, overall survival; PNR, prophylactic neck radiation; RRFS, regional relapse-free survival; SYSUCC, Sun Yat-Sen University Cancer Center.
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Supplementary materials
Inclusion criteria and exclusion criteria
Participants were considered eligible if aged ≥18 years and have stages III/IVA mucosal melanoma that was pathologically confirmed diagnosis (in accordance with the American Joint Committee on Cancer, 7th edition staging system) arising from head and neck. Additional eligibility criteria included concentrations of hemoglobin ≥90 g/L, platelet count ≥100×10 9 /L, white blood cell count ≥4.0×10 9 /L, absolute neutrophil ≥2.0×10 9 /L, sufficient organ function (less than 2.5 times the normal values of alanine transaminase and aspartate transaminase and creatinine clearance rate >60 mL/ min), Eastern Cooperative Oncology Group performance status 0 or 1, and agreeing regular follow-up. Participants were excluded if they had distant metastasis, had malignant disease in the past 3 years, or had previously received therapy for their mucosal melanoma. Diagnostic biopsy of the primary site was allowed. Participants were also excluded if they were pregnant or breastfeeding, had serious comorbidities, or had active lupus erythematosus or scleroderma, unstable cardiac disease needing treatment, COPD exacerbation or an acute or fungal infection requiring treatment, or other acute or fungal infection requiring treatment.
Detailed treatment strategy
Each patient underwent surgery with curative intent. Based on tumor location and extension, surgical type and approached were determined. Because of the lack of a proven benefit of elective neck treatment, the decisions were mostly dependent on the location of the primary tumor. Only three patients (3/33, 9%) who had oral mucosal melanoma underwent elective neck dissection. Intensity-modulated radiotherapy (IMRT) was delivered to each patient within 4-6 weeks after primary surgery. Dose modification was not permitted during radiotherapy. Patients are prescribed an EQD2 of 65-70 Gy to CTV1 (high-risk regions including tumor bed) and 50-55 Gy to CTV2 (low-risk regions). Radiation physicians determined prophylactic irradiation to upper neck, and patients were given an EQD2 of 70-77 Gy to CTVnd (clinically negative lymph nodes) and 50-55 Gy to CTVn2 (neck nodal regions). If there is a residual tumor (gross tumor volume [GTV]), an EQD2 of 70-77 Gy is prescribed to GTV.
In most retrospective studies, adjuvant chemotherapy (AC) failed to prolong the overall survival (OS). In the current trial, the recommendations for additional use of AC depended on a multidisciplinary team's consultation. Addi- 
Detailed follow-up and outcome
Patient's follow-up visits were at least every third month during the first 2 years and every sixth month thereafter. We calculated follow-up duration as day 1 of therapy to mortality date or last follow-up. Additionally, fiberoptic endoscopy and biopsy were used to diagnose local relapses. Clinical examination was used to diagnose regional relapse and in uncertain cases, using an magnetic resonance imaging (MRI) scan of the neck or fine needle aspiration. Physical examinations, clinical symptoms, and imaging methods comprising bone scan, abdominal sonography, computed tomography (CT), MRI, and/or PET-CT were used to diagnose distant metastases.
Endpoints
The endpoints assessed were OS, local relapse-free survival (LRFS), regional relapse-free survival (RRFS), and distant metastasis-free survival (DMFS). We calculated OS as the first date of treatment to death due to any cause. LRFS and RRFS analyses were calculated from the first date of treatment to first local or regional failure, respectively. We calculated DMFS from the date of first treatment to the date of first remote. Treatment-related adverse event was also an endpoint. Based on the Common Terminology Criteria for Adverse Events (Version 4.0), adverse events were recorded at each visit including treatment, follow-up, and end of study. 
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